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The cuticular lipids of 4 species (Aeschna grandis, A. mixta, Sympetrum sanguineum, S. danae)
of the insect order Odonata (dragonflies) have been analysed. Alkanes, triglycerides, and free fatty
acids predominate and minor amounts of monoester waxes have been detected. Among the hy-
drocarbons unbranched odd-numbered (56 — 66%) predominate, followed by monomethyl-alka-
nes with the branch in the middle of molecule (11 —19%), 3-methylalkanes (7 — 15%), and 2-me-
thyl-alkanes (1 —13%). Moreover, alkanes (1 — 12%) were detected. The composition of triglyceri-
des and free fatty acids were very similar with 14:0, 16 : 0, 18:0, 16 : 1, 18 : 1 and 18 : 2 being
main constituents. Ester waxes were composed of unbranched and predominantly even-numbered
fatty acids and alcohols with chain lengths C,,— Cs, . The results are discussed from a chemotaxo-
nomic viewpoint. Similarities of the integumental lipids from Odonata and Plecoptera were found.

Introduction

In the past, integumental lipids of various arthro-
pods have been analysed, and it could be demon-
strated that to a certain extent their patterns can be
used as a chemotaxonomic parameter; e. g. within
the order Coleoptera (beetles) hydrocarbons are the
predominant constituents of the cuticular lipids the
structure of which seems to be constant within one
family, but differs from one family to another [1].
Hitherto only some of the 32 or 33 [2, 3] insect orders
have been investigated in this regard including Ple-
coptera [4], Saltatoria [5], Blattodea [6], Hemiptera
[7], Lepidoptera [8], Diptera [9], Hymenoptera [10],
and Coleoptera [11]. Since no data were available on
the order Odonata (dragonflies) and, moreover, their
relationship to other insects is still under discussion,
we decided to analyse the cuticular lipids of 4 species
(Aeschna grandis, A. mixta, Sympetrum sanguineum,
S. danae) belonging to two families (Aeschnidae and
Libellulidae). The results allow a first comparison
with two other orders close to Odonata (Plecoptera
and Blattodea) in the natural system.

Materials and Methods
Material

The specimens (¢ and J mixed) were collected in
Skane/Sweden (Aeschna grandis (4 specimens), A.
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mixta (12 spec.), Sympetrum danae (33 spec.), and in
Schleswig-Holstein  (Sympetrum sanguineum (33
spec.)).

Methods

Animals were killed by deep-freezing and the cutic-
ular lipids extracted by washing the specimens with
chloroform for 5 seconds each. The extracts were fil-
tered and separated into single lipid classes by col-
umn chromatography on SiO, (5 g, 9.8% water con-
tent). 70 ml cyclohexane eluted the aliphatic hydro-
carbons, 100 ml cyclohexane/benzene (9:1; v/v)
monoester waxes, 50 ml benzene/chloroform (9 : 1;
v/v) triglycerides, and 50 ml chloroform free fatty
acids.

Waxes, triglycerides, and free fatty acids were
reesterified with 5% methanolic acid. In case of the
waxes the resulting methyl esters and alcohols were
separated by column chromatography on SiO,. Al-
cohols were converted into fatty acids by CrOs-oxi-
dation [12] and subsequently esterified as above.

Gas-liquid chromatography was performed with a
Perkin-Elmer F 20 FE instrument using 10 m glass
columns with 3% OV 101 impregnation on Supel-
coport at 250 °C (column, injection, and detection)
and 2 m glass columns with 15% DEGS impregna-
tion on GasChrom Q at 175 °C.

Mass spectra were recorded on a Varian-MAT 111
(GNOM) mass spectrometer at 80 eV using the
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Lipid Sympetrum  Sympetrum  Aeschna Aeschna
sanguineum nae

grandis  mixta

[% of total lipids]

Hydrocarbons 29.2 26.3 2.6 5.4

onoester waxes 52 3.3 5.6 4.5
Triglycerides 21.4 25.2 84.9 58.7
Free fatty acids 442 452 6.9 314
Hydrocarbon Sympetrum Sympetrum Aeschna Aeschna

sanguineum nae grandis mixta
% of the GLC peak area

Unbranched (total) (61.4) (61.5) (59.3) (66.2)
n-Cys - - - 0.3
n-C,, = = = 0.1
n-Cyg - - - 0.1
n-Cy - - - trace
n-Cyo 0.1 0.1 - 0.1
n-Cyy 0.3 0.1 22 4.9
n-C,, 0.5 0.1 0.5 0.5
n-Cys 2.6 1.3 9.7 223
n-C,, 1.2 04 0.7 0.8
n-Cys 9.8 7.8 18.2 21.9
n-Cyg 1.6 1.7 14 trace
n-Cy; 244 28.3 19.8 11.7
n-Cyg 0.5 2.0 trace trace
n-Cyo 20.4 17.0 6.8 3.5
n-Cs, - trace - -
n-Cs, - 2.7 - -
Alkenes (total) 2.1) (0.8) (3.3) (11.9)
Cas.y 0.7 0.3 1.1 42

ey 1.4 0.5 2.2 5.6
C27:1 - - =% 2.1
2-Methylalkanes (total) (5.1) (11.5) 2.7 0.5)
2-Cyy 0.2 - - -
2-Cys - 1.0 - -
2-Cye 1.9 3.0 2.7 0.5
2-Cy,; - 22 - -
2-Cy 3.0 4.7 - -
2-Cy - 0.6 - -
3-Methylalkanes (total) (6.8) (13.5) (15.1) 9.0)
3-C,, - - - 0.1
3-Cys 0.2 - 0.7 1.3
3-Cy - 0.5 - 1.3
3-Cys 1.5 2.0 2.7 3.7
3-Cy - - 3.1 -
3-Cy; 49 8.0 8.6 2.6
3-Cy 0.2 3.0 - =
Other Monomethylalkanes (18.8) (11.3) (18.8) (12.0)
(total)
7-/9-C,, — = 0.1
7-/9-/11-Cy5 = - - 0.5
5-Cys - - 1.3 1.6
9-/11-Cys 29 - 1.0 53
13-Cys - 0.7 2.7 0.1
5-C,y 0.9 2:1 - 0.5
7-Co, 1.4 - - 0.1
9-/11-/13-Cy, 3.5 2.9 11.5 2.9
5-Cy 1.5 1.0 - 0.1
7-/9-Cy 1.5 - - 0.1
11-/13-/15-Cy 7.1 32 23 0.7
11-/13-/15-C5, - 1.4 - -
unidentified (5.8) (1.4) (0.8) 0.4)

Table I. Quantitative composition of the lipids
extracted from 4 Odonata species.

Table II. Quantitative
composition of the cuticular
hydrocarbons from 4 Odo-
nata species.
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Table III. Quantitative

Wax constituent Sympetrum Sympetrum Aeschna Aeschna =2 5
sg)n gfu’ neum anape grandis mixta fr(l)(r)rrlllcj)z?tlel?r»lvg)f( tggﬂ?&?ﬁ:ﬁ;
% of the GLC peak area from 4 Odonata species.

Alkanols

n-Cy, 0.1 0.8 0.1 -

n-Cs trace 0.1 0.1 -

n-Cyg 29 3.1 2.3 1.3

n-C,; 0.5 0.4 0.2 0.9

n-Cyg 49 4.1 2.2 24

n-Ciq 0.1 0.7 0.6 0.5

n-Cy 6.3 5.8 3.8 42

n-Cyy 0.1 0.2 1.5 0.3

n-Co, 10.2 9.5 6.1 9.2

n-Cys 0.1 0.1 0.8 1.2

n-Cy, 14.2 12.9 26.0 37.6

n-Cys 0.1 0.1 0.6 0.6

n-Cye 3.8 4.7 12.2 14.4

n-Cy,, 0.1 0.1 0.5 0.5

n-Cyg 16.7 10.7 19.1 8.7

n-Cy 0.1 0.1 0.8 0.8

n-Cs, 35.7 39.2 22.5 15.6

unidentified 4.1 7.4 0.6 1.8

Fatty acids
n-C,,

n-Cy,

n-Cys :
n-Cig 23.
n-Cy,
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Table IV. Quantitative composition of the cuticular triglycerides and free fatty acids from 4 Odonata species.

Fatty acid Sympetrum sanguineum Sympetrum danae Aeschna grandis Aeschna mixta

TG FFA TG FFA TG FFA TG FFA

% of the GLC peak area

n-Cyo - - = — - 0.9 - 0.7
n-Cy, 0.9 1.6 0.9 0.6 0.1 1.0 - 1.3
n-Cy, 16.3 14.6 5.8 49 1.1 1.6 14 33
n-Cys 0.5 0.5 0.4 0.2 0.1 02 - 0.5
n-Cyq 29.5 20.7 20.0 15.8 16.0 10.2 16.1 10.6
n-Cug 10.0 4.6 35 55 22 1.5 35 1.3
n-Cy 0.5 0.6 0.3 - - - - -
n-C,, - - 1.4 - - - - —
n-Cys - - 43 1.8 - - 1.8 2.1
Y65l 54 6.1 7.7 8.1 8.1 10.3 79 11.6
1659 - 0.3 - - 0.1 0.2 - 0.2
182 30.2 359 46.4 46.0 70.8 69.9 62.6 56.1
1850 6.2 13.0 6.1 11.3 1.0 2.2 2.1 5.2
18:3 0.5 2.1 1.2 22 0.4 1.1 2.5 3.1
unidentified B - 2.0 3.6 0.1 0.9 2.1 4.0

TG, triglycerides; FFA, free fatty acids.
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Table V. Degree of saturation of

Rigtip: —2rumated i P s Sa”g’ Gron Aescs(za A‘?S‘;hm’ the cuticular triglycerides and free
unsaturated sanguineunt nae glatidly  iExd fatty acids from 4 Odonata species.

Triglycerides

Cl6:0/C16 unsaturated 3:5 2.6 2.0 2.0

C18:0/ C18 unsaturated 0.2 0.6 0.03 0.05

Free fatty acids

C16:0/C16 unsaturated 34 1.9 0.99 0.91

C18:0/C18 unsaturated 0.09 0.09 0.02 0.02

10 m OV 101 column. Details are published else-
where [13].

Results and Discussion

Extraction and fractionation of the integumental
lipids showed hydrocarbons, monoester waxes, tri-
glycerides, and free fatty acids to be present in the 4
species investigated. The percentages (TableI) are
very similar in both Sympetrum species, but differ
significantly from Aeschna.

The qualitative composition of the single lipid
classes is fairly uniform, although the two Aeschna
species differ quantitatively from Sympetrum by pos-
sessing considerably higher amounts of oleic acid in
the triglycerides and free fatty acids (Tables 11 — 1V).
Generally the degree of saturation is higher in Sym-
petrum than it is in Aeschna. TableV demonstrates,
however, that the degree of saturation of the fatty
acids is rather constant in species belonging to the
same family.

Among the hydrocarbons odd-numbered individ-
uals predominate in all homologeous series (n-al-
kanes, 3-, 5-, 7-, 9-, 11-, 13- and 15-methylalkanes,
alkenes) except the 2-methylalkanes being mainly
even-numbered. It is in accordance with earlier
published data [14] that in this case isobutyric acid

serves as initial substrate in the elongation of fatty
acids which are subsequently converted into hydro-
carbons by decarboxylation [15].

The ester wax constituents (alcohols and fatty
acids) are predominantly even-numbered. It is re-
markable that the alcohols show generally longer
chains than the fatty acids; e. g. in both Sympe-
trum species the most abundant alcohol is triaconta-
nol (Cs) and in the Aeschna species it is tetracosan-
ol (C,,), whereas the corresponding acids are palmit-
ic (Cy6) and docosanoic acid (C,,). This may indi-
cate that acids with medium chain lengths predomi-
nantly participate in the esterfication process form-
ing waxes, whereas acids with large chain lengths
are alternatively converted into (a) alcohols by re-
duction, or into (b) hydrocarbons by decarboxyla-
tion. It, moreover, should be mentioned that no me-
thyl-branched constituents could be detected in the
waxes and triglycerides. They contribute to the hy-
drocarbon biosynthesis exclusively.

The main tentative biochemical pathways of the
unbranched lipid constituents are summarized in the
following scheme.

If the cuticular lipids of species from the order
Odonata (dragonflies) are compared with those from
other insect orders, only Pteronarcys californica (Ple-

Lipolysis ?

Waxes

C16:1/16:2/18:1/ 18:2/18:3 acids o=
|
1 Esteri
Desaturation /I
(12 -C1e acids —’:-———_
Elongation i ;
G . - Reduction __ ¢ gy -Cyg atkanols

Czo = C30 acids —

Decarboxylation

Gyg - (29 hydrocarbons

Main tentative biochemical pathways of the unbranched lipid constituents.
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coptera) shows a similar pattern [4] possessing hydro-
carbons, ester waxes, triglycerides, and free fatty
acids, although additional sterols have been detected
in this species. The composition of the integumental
lipids from all hitherto investigated Blattodea
species differ more significantly [6, 17 — 19]. Actual-
ly, most of the arthropod systems locate Plecoptera
next to Odonata and our findings agree very well
with this. It has been stated, however, that there is
no direct relationship between them [20]. It is ques-
tionable whether our findings have any systematic
relevance or whether they reflect only the effect of
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